central Mexico (Ramírez-Delgadillo, 1992; Moore, 1953) . Dandya has four species with a restricted geographic distribution in western and northern Mexico (Espejo-Serna and López-Ferrari, 1992; Lenz, 1971b; Villarreal-Quintanilla and Encina-Domínguez, 2005) . Milla includes ten species (Lenz, 1971a; Moore, 1953; Howard, 1999) with M. bifl ora Cav., the most widely distributed member of the group, found from Arizona to Guatemala (Espejo-Serna and López-Ferrari, 2003; McNeal, 2003) . Lastly, Jaimehintonia and Petronymphe are both monotypic. The fi rst is restricted to a couple of small areas in Nuevo Leon (Turner, 1993) and the latter is known from a single locality in Guerrero (Moore, 1951) . Greene (1886) described Behria as a new genus when he was writing the monograph on Brodiaea. Later, Macbride (1918) transferred Behria tenuifl ora to Bessera arguing that both Bessera elegans Schult. f. and Bessera (Behria) tenuifl ora possess a red perianth and exerted stamens fused at the base. According to him, the only difference between the two taxa was the degree of fusion of fl oral segments. The dispute on the status of Behria continued, some authors treat Behria tenuifl ora as part of Bessera (Moore, 1953; Ramírez-Delgadillo, 1992; Espejo-Serna and López-Ferrari, 1992; Pires et al., 2001) , while others place this taxon in its own genus (Krause, 1930; Lenz, 1971b; Shreve and Wiggins, 1964; León de la Luz and Pérez-Navarro, 2004) .
Whether Behria and Bessera are separate genera has not yet been demonstrated. A study of Themidaceae based on morphological and cpDNA data (trnL-trnF and rbcL) retrieved Bessera elegans and B. (Behria) tenuifl ora as sister species, but B. tuitensis was not considered (Pires et al., 2001) . Another study based solely on cpDNA (trnL-F, rpl16, and ndhF) retrieved B. elegans and B. tuitensis as sisters, but that study did not include B. (Behria) tenuifl ora (Pires and Sytsma, 2002) . To date, no study has included the two species in Bessera and Behria tenuifl ora simultaneously. Wiens and Penkrot (2002) proposed a novel method for delimiting species, based on morphological and molecular characters. Tree-based and character-based analyses are performed separately and distribution patterns are also considered. This method utilizes populations as terminals rather than individuals to avoid a biased treatment of the polymorphisms shared between populations as homoplasies rather than synapomorphies in the tree-based morphological analyses. The character-based analysis fi nds diagnostic character states representing differences among the putative species. This procedure was designed to delimit closely related taxa.
The method of Wiens and Penkrot (2002) is utilized in this study to clarify whether Behria and Bessera are independent taxa. Thus, tree-based and character-based analyses were performed with populations of these closely associated groups, together with representative species of genera in the Milla clade as the study units, employing morphological characters and chloroplast DNA sequences of psbK-psbI. Table 2 . "?" = missing data, "-" = not applicable. Polymorphisms: (0, 1) = A; (0, 1, 2) = B; (0, 2) = C; (1, 2) = D; (1, 3) = E; (2, 3) = F; (2, 3, 4) = G Wiens and Penkrot (2002) . The total number of individuals was 76 (table 1) . Petronymphe decora, the most distantly related taxon according to previous phylogenetic studies, was used as the functional outgroup (Pires and Sytsma, 2002) . Fresh leaves were collected from each individual and dried in silica and the vouchers were deposited at XAL and HCIB.
Materials and methods

Taxon
Morphological data set. Morphological characters were scored from living material and herbarium specimens and, complemented with information from the literature where necessary (Moore, 1951 (Moore, , 1953 Lenz, 1971b; López-Ferrari and Espejo-Serna, 1992) . Vouchers and specimens are listed in Appendix 1. The morphological matrix included 37 characters (12 vegetative and 25 fl oral). Morphological characters were scored as polymorphic if they varied within populations. Characters and character states are listed in Appendix 2; the data matrix is shown in Appendix 3.
Molecular data set. Total genomic DNA was isolated from silica-gel-dried leaf tissue using the modifi ed 2× CTAB method (Cota-Sánchez et al., 2006) . The intergenic spacer between chloroplast genes psbK and psbI was amplifi ed and sequenced using primers and protocols of Lahaye et al. (2008) . All amplifi ed products and total DNA were purifi ed using the QIAquick PCR purifi cation kit (Qiagen, California, U.S.A.) following the protocols provided by the manufacturer. Clean products were sequenced using the Taq BigDye Terminator Cycle Sequencing Kit (Perkin Elmer Applied Biosystems, Foster City, California, U.S.A.) and analyzed with an ABI 310 automated DNA sequencer (Perkin Elmer Applied Biosystems, Foster City, U.S.A.). Electropherograms were edited and sequences were assembled using Sequencher 4.1 (GeneCodes, Ann Arbor, Michigan). Sequences were manually aligned with Se-Al v. 2.0a11 (Rambaut, 2002) . All sequences were deposited in GenBank (accession numbers are included in Appendix 1).
Tree-based analyses. Data matrices were constructed on WinClada (Nixon 2002) . Three sets of phylogenetic analyses were performed with the 23 populations as terminals: 1) A morphological analysis, 2) A molecular analysis, including DNA sequences of psbK-psbI, and 3) A combined analysis. 
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Parsimony analyses were run in TNT (Goloboff et al., 2003) under equal weights; gaps were taken as missing data, with 200 iterations of parsimony ratchet (Nixon, 1999) . Clade support was estimated by Jackknife, with 1,000 replicates with 30% deletion on a traditional search in TNT (Goloboff et al., 2003) . Bremer support (Bremer, 1994) was calculated using the BS5 option on 10,000 trees held in memory in NONA (Goloboff, 1999) . The potential incongruence of the molecular and morphological data sets was tested using the incongruence length difference (ILD) test of Farris et al. (1995) as implemented in WinClada (Nixon, 2002) .
Character-based analysis. Diagnostic character states that represent seemingly fi xed differences between the putative taxa have to be detected in the morphological data matrix. The character-based approach was implemented by comparing the frequencies of qualitative characters and the range of trait values for quantitative continuous and meristic characters across all populations to search for potentially diagnostic characters. Characters were considered diagnostic for a species or a set of populations if they were invariant for alternative character states or showed no overlap in trait values as indicated by Wiens and Penkrot (2002) .
Results
Tree Combined analysis.-The combined analysis of psbK-psbI DNA sequences and morphology retrieved fi ve MPT (L = 128 steps, CI = 0.75, RI = 0.84). The strict consensus is shown in fi gure 5. The same groups were retrieved as in the morphological analysis, though the clades received higher jackknife and Bremer support. The four populations of Behria were retrieved as monophyletic with strong support (jk = 92%, brs = 6). Bessera populations were also supported (jk = 80%, brs = 6). Behria appears as the sister group to Bessera and this clade received support (jk = 86%, brs = 6). Likewise there was another supported clade formed by several Milla species (jk = 82%, brs = 6) which was sister to Jaimehintonia (jk = 67%, brs = 6). Finally, Dandya species were in a highly supported clade (jk = 100%, brs = 6).
Character based analysis. The morphological characterbased approach supports the recognition of two different related taxa. Bessera can be distinguished from Behria by fi ve diagnostic characters: 1) polytepalous fl owers (vs gamotepalous) (character 17); 2) base neck of the perianth tube elongated (vs discoid) (character 20); 3) three lobes of fl ower different in shape and size (vs all equal shape) (character 21); 4) stamen fi laments connate and 5) forming a membranous tube 10-25 mm length (vs fi lament base connate and forming a membranous cup to 0.6 mm length) (character 29). In addition Behria has tubular perianth (character 18); 3) which totally encloses the ovary (character 19).
Discussion
Tree based analyses. Our results show that the single MPT retrieved from the molecular analysis is mostly unresolved. We utilized the chloroplast intergenic spacer psbK-psbI because it is a chloroplast region that was included as a candidate locus for DNA barcoding for its evolutionary rates and has a high ability to differentiate independently evolving entities corresponding to taxonomic species (Pennisi, 2007; Lahaye et al., 2008) . However it was not variable enough to allow resolution in our MPT. Further loci must be added to improve resolution. Chloroplast DNA loci such as trnL-F, rpl16 and ndhF have been sequenced in Themidaceae but they did not have enough variation to resolve the relationships within this family (Pires and Sytsma, 2002) . A large number of markers are known to be variable in angiosperms, like trnS-trnG, rpl32-trnL and trnQ-rps16 proposed by Shaw et al. (2005; 2007) , and these could be tested for resolving relationships within Behria and Bessera, and in even in the Milla clade. In contrast, the combined and morphological analyses recovered the same clades, but the combined analysis received higher Jackknife and Bremer support. Morphological and combined phylogenetic analyses identifi ed the four populations of Behria as a monophyletic group. The nine populations of Bessera elegans and the single population of B. tuitensis were also identifi ed by these analyses as a monophyletic group. These two clades form part of a more inclusive group. Although populations of Bessera and Behria were recovered by the morphological and combined analyses as sister groups, this grouping is supported by a single synapomorphic character state: fi laments longer than tepals.
Character based analysis. Five diagnostic characters were detected in the character analysis and all of them are fl oral attributes. Vegetative morphology is similar in Behria and Bessera and also in the genera of the entire family. Bessera species have campanulate fl owers, with a perianth tube partially enclosing the ovary. In contrast Behria has tubular fl owers and the perianth tube completely encloses the ovary. Thus, the fl oral characters pointed out by previous authors (Schultes, 1829; Greene 1886; Moore, 1953; Lenz 1971b; León de la Luz and Pérez-Navarro, 2004 ) for differentiating Bessera from Behria (campanulate fl owers vs. tubular fl owers) were detected by us as diagnostic.
Based on the tree-morphology and on the characterbased results we conclude that Behria and Bessera should be recognized as separate genera. Populations of these taxa were retrieved as monophyletic groups, forming part of a more inclusive clade. There is still controversy about "how to chop up a tree" for assigning taxonomic rank and it has been suggested that recognition of the non-monophyletic and nomenclaturally redundant monotypic genera be avoided (Brumitt, 2002) . Changes in generic delimitation practice have been infl uenced by new sources of data, such as molecular characters. Technological advances that have allowed widespread incorporation of molecular data into taxonomic studies have also facilitated a return to a global approach to the study of plant genera (Humphreys and Linder, 2009) . Decisions on the identifi cation of independent genera which are sister taxa differ depending on the plant group and on the author. For example, Tang and Lu (2005) decided to recognize Zabelia (Caprifoliaceae) as independent from Abelia. Although molecular analyses found these taxa as sisters they based their decision on morphological and ecological evidence. Devos et al. (2006) decided that the monotypic genus Coeloglossum (Orchidaceae) was separate from Dactylorhiza, even though these genera were retrieved as sister groups of a more inclusive clade. In another example Specht and Stevenson (2006) , based on morphological and molecular evidence, considered Monocostus (Costaceae) as a genus independent of Dimerocostus, though they were retrieved as sister groups.
We also based our decision to recognize Behria and Bessera as separate genera on differences in their distribution ranges. As mentioned above, Behria is restricted to the Baja California Peninsula in the southern area of La PazLos Cabos while Bessera occurs on continental Mexico on the Pacifi c slopes and along the Transmexican Volcanic Belt. (Moore, 1953; Ramírez-Delgadillo, 1992; León de la Luz and Pérez-Navarro, 2004) . The species delimitation method of Wiens and Penkrot (2002) favors recognizing taxa as independent if their populations are geographically separated. Moreover, Martínez-Gutiérrez and Sethi (1997) indicated that the La Paz-Los Cabos morphotectonic subprovince (Ferrusquía-Villafranca, 1993 ) was connected to the Pacifi c slope, in Jalisco, during the lower Miocene, between 16-13 my before present. An interesting hypothesis that could be addressed in the future would include dating the divergence of Behria and Bessera to determine if it coincides with the separation of these two areas. Both are part of North America, but the Baja California Peninsula is rifting with the Pacifi c plate.
In Amaryllidaceae (Meerow et al., 1999) and in Iridaceae (Taylor et al., 2009) , two groups of monocots that are closely related to Themidaceae, high fl oral diversity has been attributed to fl oral modifi cation induced by pollinatormediated selection, driven by changes in one or only a few genes. It has been documented that Behria is pollinated by hummingbirds (Arriaga et al., 1990) . The pollination vectors for Bessera are unknown, though we did observe hummingbirds, bees, bumble bees and butterfl ies visiting fl owers in the populations where we collected plants of this genus. It is important to determine if pollination systems have played a role in fl oral diversifi cation in this group as it has in other monocot groups.
Behria, Bessera and the rest of the Milla clade represent an interesting group for evolutionary biology studies, such as determining time of divergence and factors infl uencing speciation, such as shifts in soil type and pollinators. The majority of the taxa in the Milla clade are restricted to a single or to a few localities, and each taxon grows on a different kind of soil, and is also pollinated by different vectors.
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